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英文缩写 英文全名 中文名称 
AML Acute Myelocytic Leukemia 急性髓细胞性白血病 
BCA Bicinchoninic Acid 二喹啉甲酸 
BSA Bovine Serum Albumin 牛血清白蛋白 
CDK Cyclin-dependent kinase 周期蛋白依赖性激酶 
CHAPS 3-[(3-Cholamidopropyl) 
dimethyl-ammonio] propanesulfonic acid 
 
CKI Cyclin-dependent kinase Inhibitor 周期蛋白依赖性激酶抑制因子 
DCA Deoxycholic Acid 去氧胆酸 
2DE Two Dimensional Electrophoresis 二维凝胶电泳 
DMEM Dulbecco’s Modified Eagle’s Medium Dulbecco 的改良 Eagle 培养基 
DMF Dimethyl Formamide 二甲基甲酰胺 
EF Elongation Factor 延长因子 
FAS Factor Associated Suicide  
FBP Far Up Stream Element-Binding Protein 远端上游元件结合蛋白 
FDA Food and Drug Administration 美国食品药品管理局 
5-Fu 5-Fluoro-2,4(1h, 3h)pyrimidinedione 5-氟尿嘧啶 
FUSE Far Up Stream Element 远端上游元件 
H Hour 小时 
HBV hepatitis B virus 乙型肝炎病毒 
HCC Hepatocellular Carcinoma 肝细胞肝癌 
HCV hepatitisC virus 丙型肝炎病毒 
IEF Isoelectric focusing 等电聚焦电泳 
mg milligram 毫克 
mL Millilitre 毫升 



















PARP Poly ADP-ribose Polymerase 聚腺苷二磷酸-核糖聚合酶 
PBS Phosphate-buffered saline 磷酸盐缓冲液 
PCC Pyridinium chlorochromate 氯铬酸吡啶 
PE Petroleum Ether 石油醚 
PFA Paraformaldehyde 多聚甲醛 
PI Isoelectric Point 等电点 
PI Propidium Iodide 溴化丙锭 
PI3K Phosphatidylinositol 3-Kinase 磷脂酰肌醇 3-激酶 
PIKK Phosphatidylinositol 3-Kinase related 
Kinase 
磷脂酰肌醇 3-激酶相关激酶 
PS Phosphatidylserine 磷脂酰丝氨酸 
Rb Retinoblastomaprotein 成视网膜母细胞瘤蛋白 
RT Room Temperature 室温 
UDCA Ursodeoxycholic Acid 熊去氧胆酸 
μM Micromole per Litre 微摩尔每升 


















摘   要 
肝癌是临床上最常见的恶性肿瘤之一，占癌症致死原因的第 3 位，其 5 年的自然
死亡率超过 95％。熊去氧胆酸（UDCA）是我国传统名贵中药熊胆的主要化学成分
牛磺熊去氧胆酸的降解产物，在临床上广泛应用于肝胆疾病的治疗，1999 年被美国




20 个 UDCA 衍生物。细胞毒性试验研究显示，在这合成的 20 个衍生物中，U12 对两
种肝癌细胞 HepG2 和 SMMC-7721 表现出良好的杀伤作用，而对 QSG-7701 正常肝细
胞有一定的促增殖功能，且能够显著抑制 DCA 对 QSG-7701 肝细胞的损伤。构效关
系分析表明 7-OH 乙酰化对于 U12 发挥抗肿瘤活性至关重要。鉴于此，我们对 U12
抗肿瘤作用机制进行探讨。 
分子作用机制研究表明 U12 能够通过 caspase-8 诱导人肝癌细胞的外源性凋亡通
路。流式细胞术 Annexin V-FITC/PI 双染法证实了 U12 的凋亡效应。体外实验研究表
明，U12 能够激活 caspase-8 酶，诱导 PARP 蛋白切割以及 FAS 蛋白过表达；caspase-8
抑制剂 Z-IETD-fmk 预处理可抑制 U12 对 SMMC-7721 人肝癌细胞的凋亡效应。 
Metadrug 软件预测并结合蛋白质组学研究显示 U12 还可调控细胞周期的相关通
路尤其是细胞周期 G1 期相关因子的表达。流式细胞术 PI 染色法验证了 U12 对人肝
癌细胞 SMMC-7721 细胞周期 G1 期分布的影响。Western Blotting 结果显示 U12 抑制
了人肝癌细胞 mTOR，S6K1 以及 Rb 等蛋白的磷酸化，同时下调 cyclin D1，CDK4/6
以及 cdc25A 蛋白的表达量，促进 CDK 抑制蛋白 p27 的表达。总之，U12 抑制了
mTOR/S6K1/cyclin&CDK 复合物信号通路。 
肝癌细胞的裸鼠移植瘤实验研究显示 U12 在 250 mg/kg 浓度条件下可有效地抑
制肿瘤的增殖，且与阳性对照组比较，体重没有明显下降，体内心、肝、脾、肺、肾
等脏器未发现外观改变。 
总之，U12 和 UDCA 及其他衍生物不同，具有潜在的高效低毒治疗肝癌活性，
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Abstracts in English 
Liver cancer is one of the most common cancers and a leading cause of cancer deaths 
all over the world. It ranks third amongst the organ-specific causes of cancer-related deaths. 
UDCA, as the main degradation product of TUDCA, has a wide range of clinical 
applications in treating hepatic diseases. To date, UDCA is utilized for the treatment of 
primary biliary cirrhosis (PBC) for which it is the only drug approved by the U.S. Food 
and Drug Administration (FDA) in 1999. Given the applications of UDCA in treating 
hepatic diseases and lower side effects, structure modification of UDCA may lead to the 
development of new anti-hepatoma drug with reduced side effects.  
This study reported the synthesis of 20 UDCA derivatives through esterification, 
etherification and oxidation reactions. These derivatives were initially evaluated by the 
MTT assay and our results identified the UDCA derivative U12 as a potent inhibitor of the 
growth of HepG2 and SMMC-7721 liver cancer cells but not QSG-7701normal liver cells. 
Moreover, it could prevent DCA-induced damages on QSG-7701 cells. Structure-activity 
relationship analysis showed that the existence of acetyl at 7-OH of U12 imporved its 
anti-tumor activity.  
In studying the mechanism by which U12 inhibited the growth of liver cancer cells, 
we found that it could induce apoptosis of SMMC-7721 cellsthrough the 
caspase-8-dependent extrinsic apoptotic pathway. The apoptotic effect of U12 was 
revealed by doublestainingof liver cancer cells by AnnexinV-FITC/PIapproach. In vitro 
experiments showed that U12 activation of caspase-8 was accompanied with induction of 
PARP cleavage and FAS expression, which was alleviated by the pretreatmentof 
SMMC-7721 cells with Z-IETD-fmk, a specific inhibitor ofcaspase-8. 
Combination of MetadrugTM with comparative proteomic approach suggested that 
the anti-cancer effect of U12 might also involve its regulation of cell cycle progression. 
Flow cytometry analysis revealed that treatment of SMMC-7721 cells with U12 resulted in 
G1-phase arrest. Western blotting experiments demonstrated that U12 couldinhibit the 
activation of mTOR, S6K1 and Rb, while down-regulating the expression of cyclin D1, 
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could inhibit the mTOR/S6K1/cyclin&CDKsignaling pathway. 
The anti-cancer effect of U12 was also evaluated in liver cancer xenograft animal 
model. Our results showed that U12 could effectively inhibit the growth of liver cancer 
cells in animals, while it had little side effects evidenced by no reduction of body weight 
and no obvious organs damage during the treatment period. 
In summary, our results demonstrated that U12 is promising UDCA derivative with 
potent anti-liver cancer effects through its activation of the caspase-8-dependent extrinsic 
apoptosis and inhibition ofmTOR/S6K1/cyclin&CDKsignalingpathway.  
 





















世界卫生组织预计从 2007 年到 2030 年，全球癌症死亡人数将增加 45%。此外，在这





癌症致死原因的第 3 位，其 5 年的自然死亡率超过 95％。全球每年有超过 50 万人患
有肝癌，新增肝癌病例占到所有增加癌症患者的 6%[2, 10, 11]，其中一半以上在中国[11]。
据世界卫生组织 2008 年癌症统计显示，我国肝癌发病率占到全球 55%[2]，是肝癌发
病率最高的国家。据 2010 年我国癌症死亡率统计显示（图 1），在 1973 年到 2005 年
的三十几年里，我国肝癌死亡率保持快速增长的的趋势，已跃升为仅次于肺癌的第二
大癌症死亡病因[12, 13]，据估计我国每年新增 28 万男性和 11 万女性原发性肝癌患者，
肝癌死亡人数 32.5 万[5]，占全世界肝癌死亡人数的 45％。我国肝癌死亡率有着明显
的区域和性别差异[4]。表 1 显示，我国 2004-2005 年间城市肝癌死亡率占到癌症死亡
率的 16.6%，仅次于肺癌的 27.29%，而在农村这一比例高达 20.94%，已经成为癌症






















图 1. 我国 1973-2005 年间排名前 10 位的癌症死亡率变化趋势 
Figure1. Changes of cancer mortality rate for top 10 cancers in China, 1973-2005 
 
表 1. 我国城市和农村地区排名前十癌症死亡率统计 
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